Background: Prior studies have found that patients taking single-pill amlodipine/atorvastatin (SPAA) have greater likelihood of adherence at 6 months than those taking 2-pill calcium-channel blocker and statin combinations (CCB/ statin). This study examines whether this adherence benefit results in fewer cardiovascular (CV) events.
Background
CVD is the number one cause of death globally and will remain so, taking an estimated 20 million lives annually by 2015 [1] . Two of the most prevalent and modifiable risk factors for CVD --hypertension and dyslipidemia --commonly coexist. The risk of CVD is greater in people with both of these risk factors than it is in those with either condition alone [2, 3] . Effective treatment of these two CVD risk factors is widely available and has been proven to reduce CV events. The benefits of antihypertensive medications and 3-hydroxy-3-methylglutarylcoenzyme A reductase inhibitors (statins) for reducing CHD and stroke risk in patients at a high risk of CHD have been demonstrated in several well-known clinical trials [4, 5] . Also, meta-analyses have shown the consis-tent effects from antihypertensive [6] and statin [7] [8] [9] medications in reducing CV events. Despite these effective treatments for hypertension and dyslipidemia, and the associated reduction in CV events, control of these conditions often remains suboptimal, partly due to poor patient adherence [10] .
Recent analyses report that fixed dose combination (FDC) therapy for hypertension and dyslipidemia is associated with a greater likelihood of adherence than the historic approach of prescribing medication for each risk factor separately [10, 11] . For example, patients taking single-pill amlodipine/atorvastatin (SPAA) have a greater likelihood of adherence at 6 months than those taking 2-pill calcium-channel blocker and statin combinations (CCB/statin) [10] . Other studies show that when two-pill CCB/statin regimens are initiated close together in time, adherence is greater than when therapy is initiated sequentially, [12] [13] [14] and that, in general, adherence is better with single-pill regimens vs. 2-pill regimens [15, 16] . The reasons for better adherence with FDC therapy for hypertension and dyslipidemia may include reduced pill burden [17] and reduced patient-borne medication costs [18, 19] .
Efforts to improve patient adherence to CVD medication therapy are important, as retrospective analyses have shown that adherence to statins and to antihypertensive medications have been associated with reduced rates of CV events [20] [21] [22] [23] . In a recent review of the literature, poor compliance with lipid-lowering treatment has been shown to be associated with poorer clinical outcomes and increased cardiovascular morbidity and mortality [20] . Bouchard et al. [21] , using a nested case-control design, found that adherence to statins that exceeded 90% was associated with a significant reduction in nonfatal CAD events after one year of treatment. Another nested casecontrol analysis, by Perreault et al. [22] , found that high adherence levels to antihypertensive therapy were associated with relative risk reduction in CAD events compared to low levels of adherence. Mazzaglia et al. [23] reported a similar finding among newly diagnosed hypertensive patients in a retrospective cohort analysis. To build upon the growing body of evidence supporting the impact of adherence on reduction in CV events, this study examines whether the adherence benefit previously demonstrated with SPAA results in fewer CV events than for patients on 2-pill regimens.
Methods
We conducted a retrospective cohort study using administrative claims that include medical and pharmacy data from the IMS LifeLink: US Health Plan Claims database for October 1, 2003 through August 31, 2006 . The database is comprised of fully adjudicated medical & pharmaceutical claims for over 65 million unique patients from over 90 health plans across the US (with approximately 16 million covered lives per year). It includes both inpatient and outpatient diagnoses and procedures as well as prescription records, and is generally representative of the national, commercially-insured population in terms of age, gender, and type of health plan. The data is longitudinal, with average member enrollment duration of nearly two years. Only health plans that submit data for all members are included in the database, ensuring complete data capture & representative samples. The data are subjected to a series of quality checks to ensure standardized format & minimal error rates.
Study population
We identified adults taking CCB or statin (but not both) who then initiated treatment with SPAA or added CCB to statin (or vice versa) from April 1, 2004 to August 31, 2005 . Inclusion criteria included age ≥18 years, at least one prescription for SPAA or CCB + statin (with first prescription for SPAA or the added CCB or statin in the study period considered the index date), continuously enrolled for minimum of 6 months prior to and 18 months following index date, >1 diagnosis of hypertension prior to or on the index date, and no claims for the index prescription(s) for 6 months prior to index date. Exclusion criteria included at least one prescription claim with missing or invalid days supplied, age 65 years or greater and not enrolled in Medicare Advantage, or history of prior CV events, cancer diagnosis, or chronic renal failure. Patients were considered secondary prevention patients if they had evidence during the pre-index period of any of the specified CV-related events or procedures, and were excluded from analysis. Otherwise, patients' treatment was considered to be for primary prevention.
This study included 3 time periods, as illustrated in Figure 1: 1. Pre-index: 6-month period in which patients were taking either statin or CCB 2. Adherence measurement period: 6-month period following initiation of SPAA or dual therapy (index) where adherence is assessed 3. Follow-up period: ≥12 months in which CV events are tabulated
Adherence
The proportion of days covered (PDC) for each of the two drug cohorts was calculated for the 6-month adherence measurement period. Adherence was capped at 100%, and calculated as the total days supplied of index drug divided by the number of days in the follow-up period (a denominator of 180 days). Claims extending beyond day 179 were pro-rated to include only the portion of days' supply captured within the observation period. Addition-ally, if a patient refilled a prescription early, any days with overlapping prescriptions were counted only once. Advantages of using PDC as an adherence measure are that it simultaneously reflects both compliance and persistence, [24, 25] and is a commonly used measure in adherence studies [12, [26] [27] [28] [29] [30] , allowing useful comparisons of adherence levels across studies. For this analysis, patients were considered "adherent" if PDC by SPAA or CCB and statin was ≥80%, and nonadherent if PDC <80% for the 6-month period. Unadjusted adherence rates of patients in the two treatment groups are reported for the 6-month follow-up period. Multivariable logistic regression models with adherence status (</≥80% PDC) as the dependent variable were also run.
Study Outcomes
The primary outcome of interest was the rate of CV events, as well as its relationship to 6-month adherence levels. CV events were defined as hospitalization for myocardial infarction (MI), heart failure, angina, other ischemic heart disease, stroke, peripheral vascular disease, or CV revascularization procedure. CV event definition included events with either a primary discharge diagnosis of interest or a procedure of interest using only inpatient claims; outpatient claims were not considered. To allow sufficient time for events of interest to occur, this analysis was restricted to patients with at least 18 months of continuous enrollment following their medication-based index date.
Rates of CV events were analyzed at three levels: 1) all adherent patients vs. all non-adherent patients; 2) SPAA patients vs. dual-pill patients (regardless of adherence level); 3) adherent SPAA patients, adherent dual-pill patients, and non-adherent SPAA patients vs. nonadherent dual-pill patients.
All CV events were reviewed starting at 180 days postindex (to allow a 6-month period for the establishment of adherence) and ending with patient disenrollment or the end of the study period. Any CV events that may have occurred in the first 180 days post-index were ignored for the purpose of this analysis. CV events were defined as the presence of claims with an ICD-9 code for a relevant diagnosis or a CPT-4 code for a procedure of interest, which were: myocardial infarction ( Only the first CV event in the observation period per patient was included in the analysis. The total number of events overall and in each of the treatment groups are reported. Additionally, the rate of CV events was calculated as the total number of events divided by the total amount of patient-time contributed to the analysis for each treatment group. Patient-time was allowed to vary, with a minimum value of 360 days per patient. The crude rates of events (total events divided by total person-days) are reported overall and for each cohort.
In addition to the crude rates described above, the adjusted CV event rates for all patients and by treatment group were determined using Cox proportional hazards models, with covariates to account for potentially confounding factors. The dependent variable was days to CV event. Independent variables included all relevant demographic and clinical characteristics. 
Statistical analyses
Time to CV event was plotted using the Kaplan-Meier estimator. To adjust for differences in patient characteristics for each treatment group, the time to CV event was also modeled using a Cox proportional hazards model, with days from index date to CV event as the dependent variable. Independent variables included therapy type (SPAA vs. combination), adherence status, gender, age group, geographic region, health plan type, insurance type, related pre-index comorbidities, and number of preindex antihypertensive classes being taken.
Results

Patient characteristics
As shown in Figure 2 , after applying our inclusion and exclusion criteria, 19,447 patients were available for analysis; Table 1 details the demographic and clinical characteristics of these patients. The mean (SD) age was 53.5 (7.6) years for SPAA patients and 54.8 (8.5) years for the CCB+statin patients (p < 0.001). SPAA patients were more likely to be male than CCB+statin patients (58.6% vs. 52.1%, respectively; p < 0.001). SPAA patients were less likely to have diabetes but more likely to have a dyslipidemia diagnosis than were CCB+statin patients, and on average were taking fewer other medications preindex (Table 1) .
Adherence
Of the 1537 SPAA patients, 56.5% were adherent (PDC ≥80%) at 6 months, compared with 21.4% of the 17,910 CCB+statin patients (Table 2) . Although adherence continued to decline over time in both groups, the percentage of patients adherent remained significantly higher in the SPAA group than in the CCB+statin group at 18 months (42.3% vs. 18.7%, respectively; p < 0.001). After adjusting for patients' clinical and demographic characteristics (as listed above), SPAA patients were significantly more likely to be adherent (OR = 4.7, p < 0.001, Table 3 ) than CCB/statin patients, as were patients with dyslipidemia (OR = 1.2).
CV event rates
The crude (unadjusted) CV event rate for each patient stratification is shown in Table 4 . Non-adherent patients and CCB/statin patients experienced higher CV event rates than adherent and SPAA patients, respectively (Table 4) . A similar pattern was observed when time to CV event was examined in Kaplan-Meier analyses ( Figure  3 ). In multivariable Cox proportional hazards models adjusting for the independent variables listed above in Methods, being adherent to either regimen (pooled) was associated with significantly lower risk of CV event (HR = 0.77, p = 0.003). In a separate model that did not adjust for adherence status, CV events were lower for SPAA than for CCB+statin patients (HR = 0.68, p = 0.02). A combined model compared 4 cohorts based on the combination of treatment and adherence status. Using nonadherent CCB + statin patients as the reference group, the risk of CV events was significantly lower among adherent CCB + statin patients (HR = 0.79, p = 0.01) and adherent SPAA patients (HR = 0.61, p = 0.03); the risk was similar for non-adherent SPAA patients (HR = 0.69, p = 0.14)..
Discussion
As with prior analyses, CCB or statin patients who start on SPAA are more likely to be adherent to antihyperten- sive and statin therapy in the first six months than are patients who add a CCB to statin or a statin to CCB as 2 separate pills [10, 11] . As an extension of increased adherence due to single pill advantages, this study found that greater adherence to hypertension and dyslipidemia therapy appears to have translated into a lower risk of CV events over time compared to non-adherent patients. Slightly over 56% of the 1537 SPAA patients had at least 80% PDC adherence in the six months following initiation of therapy, compared with 21% of the 17,910 patients prescribed both a CCB and a statin. These adherence rates are consistent with other studies of single and dualpill treatment of naïve patients with antihypertensive or statin therapy. In a study by Jackson et al., [31] the effect of additional pills was evaluated as to its impact on patient adherence to medication, specifically measured via the medication possession ratio (MPR). Findings from this study suggest that an inverse relationship exists between additional medication tablets (pills) and patient MPR, as measured among patients receiving antihypertensive therapy in a managed care setting. MPR values were reduced from 75.4% among patients with a 2-tablet amlodipine regimen to 60.5% among patients with a 3-tablet amlodipine regimen. In another study with similar adherence findings to this study, Gerbino et al. [32] also showed a positive relationship between utilization of the fixed dose regimen and patient adherence, with MPRbased adherence measured at nearly 20% less among patients with ACE inhibitors plus CCB versus patients with a fixed dose amlodipine-benazepril.
This study demonstrates that patients' risk of cardiovascular events was significantly decreased among adherent patients compared with non-adherent patients. Unadjusted results found that the 12-month cardiovascular event incidence rate was only 1.88 per 100 personyears for adherent patients compared with 2.47 per 100 person-years in non-adherent patients. Adherence to either of the regimens included in the study was associated with a significantly lower risk of CV event (HR = 0.77, p = 0.003) after adjusting for potentially confounding baseline characteristics in multivariable Cox proportional hazards models.
This association between adherence and cardiovascular risks is in agreement with previous studies, including the 2007 study by Munger et al. [33] In this review, medication nonadherence was found to be responsible for several adverse health and economic outcomes, including an increased risk of death among patients with a prior myocardial infarction, an estimated annual cost of $396 to $792 million, and 33% to 66% of medication-related hospital admissions. Sever et al. [34, 35] found that three years of atorvastatin therapy produced a 79% reduction in coronary heart disease related events, from 22. This study has several limitations worth noting. Since PDC calculations are based on the assumption that patients take all medications for which they have prescriptions filled, these measures may overestimate adherence. Additionally, these adherence calculations fail to account for the possibility that patients received medications from sources other than the pharmacies included in the database used in this study. Because of the way adherence was calculated in this analysis (patients had to remain on both CCB and statin to be considered adherent), our adherence rates may appear low relative to what has been reported in the literature. However, given that the patients in this analysis were prescribed both drugs, we believe patients should be considered nonadherent for the purposes of this study if they discontinue either CCB or statin.
Adherence was measured in a time period separate and distinct from the period during which CV events were identified and recorded. Due to this fact, it is possible that CV events occurred in the 6-month adherence measurement period and were not accounted for in our analysis, or that patient adherence measured prior to CV event monitoring is not representative of refill behavior had adherence and events been measured concurrently. To the extent that patients' adherence to their index medications differed between the 6-month period immediately following initiation of therapy and the minimum 12-month subsequent period, the estimates for adherence may vary from the time-specific values.
Cardiovascular events were identified by healthcare claims containing specific ICD-9 diagnosis codes. Due to the potential for unreported, misreported or miscoded cardiovascular events, the estimates for CV event incidence may overestimate or underestimate the actual number of clinical events. Since this limitation is similar for both cohorts, we do not expect it to bias the analysis for or against a cohort.
Two final limitations exist relative to analysis using a retrospective cohort design and adjudicated healthcare claims. Findings in this study are representative only of the U.S. commercially insured population of patients, not the overall population of treated patients who may have other forms of healthcare coverage (Medicaid, Medicare, etc.) not captured through this study methodology. Additionally, factors associated with both patient adherence and the incidence of cardiovascular events are limited within this study to those elements available through health plan enrollment files and insurance claims. Unmeasured and unknown confounding factors related to both baseline characteristics and clinical outcomes may exist, and their effect on these results cannot be accurately quantified.
Conclusions
Patients receiving SPAA rather than a two-pill CCB + statin regimen are more likely to be adherent. In turn, adherence to CCB and statin medications was associated with lower risk of CV events in primary prevention patients. 
